Introduction
Optical materials are an essential part of our daily life; they offer attractive and energy-efficient applications in photocatalysis, 1 sensing, 2 lighting, 3 and solar energy harvesting, 4 for example. Thus, photoactive materials and studies of the properties of such materials with an eye to new developments are important.
For the past decades, the electronic structure and photophysical properties of Mo 6 Cl 12 based compounds have been studied. 5 The structure of the [Mo 6 Cl 14 ] 2− ion is based on an octahedral molybdenum cluster core carrying eight inner (i = innen) face-capping and six outer (a = Octahedral rhenium chalcogenide clusters, developed almost simultaneously in 1999 by the groups of Kitamura, 7 Batail 8 and Nocera 9 are showing versatile potential in optical applications. 10 Likewise, a number of ligand substituted octahedral molybdenum clusters, such as (TBA) 2 12 (TBA = tetrabutyl ammonium), exhibit remarkable photophysical properties.
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The aforementioned metal chalcogenide and metal halide compounds have broad absorption bands in the UV-VIS region and emit in the red VIS/NIR region of the electromagnetic spectrum. It is clear that the photoexcitation involves an S 0 to S m transition, followed by intersystem crossing (ISC) into triplet states.
14 Phosphorescence quenching obtained in the presence of molecular oxygen is, at least partially, explained by energy transfer with the formation of singlet oxygen, O 2 (a 1 Δ g ), 15 as shown in Fig. 1 . 6 ] is obtained as an orange colored crystalline solid with 79% yield. Good quality single crystals for X-ray structure analysis are grown from a saturated solution in ethanol by overlaying with pentane.
The identity of the cluster was confirmed from a (ESI) mass spectrum in methanol solution (Bruker Esquire 3000 plus), yielding mass peaks which are assigned to m/z = 3037.6 {(TBA) [ 
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This journal is © The Royal Society of Chemistry 2016 6 ] appear orange and show red-orange phosphorescence when exposed to UV radiation (Fig. 4) 6 shows a broad emission band at 660 nm (1.88 eV) with a full width at half maximum (FWHM) of 0.43 eV (∼3500 cm −1 ) when excited with 400 nm (Fig. 5) .
The excitation spectrum of this emission band shows a maximum at 400 nm with full width at half maximum (FWHM) of 2.48 eV (∼20 000 cm −1 6 ] in pure nitrogen is 29.2 µs and in pure oxygen 9.9 µs (see ESI †). As the oxygen partial pressure is changed, the photoluminescence intensity as well as the decay time show reversibility within the limit of error of our measurements.
Because the quantum yield of emission is correlated with the decay time (Φ = τ/τ r , where τ is the measured decay time and τ r the decay time for the radiative transition), 33 the relative decay time, τ, can be used to predict the relative change of the quantum yield. Accordingly, the relative quantum yield of (TBA) 2 6 ], where the relative quantum yield drops to 5%. The bimolecular oxygenmediated quenching processes have been quantified via SternVolmer analysis (see Fig. 6 ). These results imply that this type of cluster compound could be considered as an oxygen sensor. Moreover, the oxygen mediated quenching of the phosphorescent triplet state could potentially lead to the formation of singlet oxygen, O 2 (a 1 Δ g ) (Fig. 1) .
The photophysics of the compounds dissolved in acetonitrile was investigated (Table 2) . Both clusters show a redshifted emission spectrum, and the emission spectrum of (TBA) 2 [W 6 I 8 (CF 3 COO) 6 ] is particularly broad and extends into the NIR (see ESI †). Phosphorescence lifetimes were determined at three different oxygen concentrations. From these lifetimes, it is possible to calculate the bimolecular rate constant for quenching of the triplet state by oxygen, k q . Even though the quenching process is not diffusion-limited, it can be calculated that more than 98% of the triplet states are quenched by oxygen under aerated conditions ( f T , Table 2 ). This is clearly reflected in the very small phosphorescence quantum yields under these conditions. In order to check if this quenching process involves energy transfer to ground-state oxygen ( (Table 2 ). However, for both clusters the observation that the singlet oxygen quantum yield is lower than the fraction of triplet states quenched by oxygen (Φ Δ < f T ) implies that (1) the triplet quantum yield may be below unity and/or (2) some of the encounter complexes between oxygen and the hexanuclear clusters decay via a non-radiative mechanism instead of energy transfer to make singlet oxygen. The functionalization of photophysically active clusters by means of deposition, incorporation, and encapsulation is a logical need for further applications. 10 
Experimental section

Materials and methods
Unless otherwise noted, all reactions were carried out in an argon atmosphere in dried and degassed solvents using Schlenk techniques. All solvents were purchased from Sigma-Aldrich, dried and degassed with an MBraun SPS-800 solvent purification system. Chemicals used were obtained from commercial suppliers and were used without further purification. 6 ] was measured with a single-crystal X-ray diffractometer (STOE-IPDS II) at −40°C using Mo-K α (λ = 0.71073 Å) radiation. Absorption effects were corrected by the X-Red/X-Shape program of the STOE software. The crystal structure solution and refinement was performed with direct methods (SHELXS) and least square refinements on F 2 (SHELXL). Some results are shown in Table 1 . This article is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.
X-ray crystallographic studies
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Crystallographic data (including structure factors) for (TBA) 2 
Solid state photoluminescence measurements
Emission spectra and decay curves were collected with a fluorescence spectrometer FLS920 (Edinburgh Instruments) equipped with a 450 W ozone-free xenon arc lamp (OSRAM) for the emission scan and a µF920H flash lamp for the decay curve. The sample chamber was installed with a mirror optic for powder samples. For detection, a R2658P single-photon counting photomultiplier tube (Hamamatsu) was used. All luminescence spectra were recorded with a spectral resolution of 1 nm, a dwell time of 0.4 s in 1 nm steps, and three repeats. The sample was in a gas flow sample holder under ambient pressure (about 1 bar) and was perfused with nitrogen, air, oxygen and oxygen-nitrogen mixtures 50/50 and 75/25.
Solution phase spectroscopy
The compounds were dissolved in HPLC-grade acetonitrile (Sigma-Aldrich). Solutions were saturated with N 2 or O 2 by bubbling with the respective gas for at least 30 min. Phenalenone and 4-(dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran (Sigma-Aldrich) was used as received. All experiments were performed in 1 cm quartz cuvettes.
Equipment and methods used to determine singlet oxygen quantum yields, Φ Δ , have been described in detail elsewhere.
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In short, the chromophores were excited using fs-laser pulses centered at 383 nm, and photosensitization of O 2 (a 1 Δ g ) was follow via the characteristic phosphorescence signal at ∼1275 nm. This signal was isolated using a 1064 nm long-pass filter combined with a 1290/80 nm band-pass filter in front of a VIS/NIR-sensitive PMT. Phenalenone dissolved in acetonitrile was used as the reference sensitizer (Φ Δ = 0.99 ± 0.03).
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Phosphorescence lifetimes of the tungsten cluster were measured using the same instruments as described above. Excitation was done at either 383 or 419 nm, and the phosphorescence signals were isolated using a 650/40 nm band-pass filter. The bimolecular rate constant for quenching of the cluster triplet state by oxygen, k q , was calculated using a concentration of oxygen in air-saturated acetonitrile of 2.42 mM. 41 Phosphorescence quantum yields of the cluster were measured using a home-built setup that allows for acquisition of emission spectra extending to 880 nm. This setup uses the same fs-laser as described above, but for these measurements the detection unit is an Andor Technology, iStar 320 T, ICCD camera connected to an Andor Technology, Shamrock 303i, spectrograph. The detection path is positioned at a 90 degrees angle relative to the excitation path. The detection unit has been intensity calibrated. 4-(Dicyanomethylene)-2-methyl-6-(4-dimethylaminostyryl)-4H-pyran in acetonitrile (Φ P = 0.44 ± 0.05) 42 and absolute ethanol (Φ P = 0.435 ± 0.022) 43 was used as reference standard. 6 ] was obtained as a yellow powder in 69% yield. To obtain single crystals suitable for X-ray diffraction a saturated solution of the compound in ethanol was over layered with n-pentane and 
